| INTRODUCTION
Soft tissue sarcomas (STS) represent a rare group of tumors constituting 1% of solid malignancies. STS present with over 50 histologic subtypes with a wide variance of tumor locations throughout the body. 1 Retroperitoneal sarcomas (RPS) represent 15-20% of STS and present with less heterogeneity in histology, predominately represented by leiomyosarcoma and liposarcoma. 2 Complete surgical resection of RPS with negative margins is associated with the best chance for long term disease free and overall survival (OS). [3] [4] [5] Due to the anatomy of the retroperitoneal space, these tumors often remain asymptomatic and undetected until they have reached a large size or have extended into adjacent organs. Because of these unique anatomic challenges, even with resection, local recurrence remains high and 5-year survival low, ranging from 35% to 65%. [5] [6] [7] Aggressive multivisceral resection of involved organs is often necessary in order to achieve complete RPS extirpation with negative margins and the greatest chance for cure. 8, 9 Most frequently this includes retroperitoneal structures such as ipsilateral colon, kidney or psoas muscles/fascia. However, major vascular structures such as the inferior vena cava (IVC) may also be involved, posing a more technically challenging surgical approach. 10 While tumor resection en-bloc with major vascular structures increases case complexity, studies in numerous other malignancies have shown survival rates following major vascular resection that are comparable to those without vascular involvement. [11] [12] [13] [14] Similar findings have been reported in multiple small case series of multivisceral RPS resections performed at high volume institutions. [15] [16] [17] [18] [19] [20] [21] However, due to the rarity of this disease, present existing series are often small in size, include extremity sarcomas in analyses, or investigate primary leiomyosarcoma of the IVC only.
The primary aim of this study is to investigate outcomes following en-bloc resection of RPS and IVC using a robust clinical database from a single institution. We additionally compare these patients' OS and disease free survival (DFS) using a matched case-control method with patients during the same period with resected RPS without IVC involvement.
| MATERIALS AND METHODS

| Patient selection
Patients undergoing resection of RPS en-bloc with the IVC between the years 1995-2015 were identified from a prospectively maintained institutional database and included for review. These patients were matched in a 1:3 ratio according to continuous age and histopathology (leiomyosarcoma or de-differentiated liposarcoma) with cases of RPS without IVC resection. Patients with primary renal or uterine malignancies, as well as well differentiated liposarcomas were excluded from analysis. The need for en-bloc IVC resection was determined by the operating surgeon at the time of the operation.
Compartmental retroperitoneal resection, or the systematic en-bloc extirpation of uninvolved contiguous organs, has been advocated by several centers to maximize local control. 4, 22 This compartmental technique is not routinely performed at our institution for RPS. Instead, additional organs are resected if noted to be involved by tumor or deemed necessary intraoperatively to achieve complete resection with negative oncologic margins. All resections were performed at the Johns Hopkins Hospital, although neoadjuvant and adjuvant chemotherapy or radiation was permitted at outside institutions if received.
Institutional Review Board approval was obtained for this study.
| Demographics and clinicopathological characteristics
The 
| Statistical analysis
The primary outcomes of interest were OS and DFS. Categorical variables were expressed as percentages of the group they were derived from and were compared using a chi-squared or Table 1 ).
The groups were well matched, with no differences in patient age or sex. After matching, equivalent rates of leiomyosarcoma and dedifferentiated liposarcoma were found in each group (P = 1.000).
The majority of resections were for initial primary tumors (84% with IVC resection vs 78% without, P = 0.447), with a median of two organs resected in both groups. The total time period for this study was divided into 5-year intervals, with a similar distribution of case number in each group (Table 1) . No significant differences were noted among clinicopathologic characteristics between the two groups for the remaining pathologic factors: tumor size, grade, and resection margin.
Both neoadjuvant and adjuvant therapy are considered for patients as part of the evaluation in a multidisciplinary conference.
Neoadjuvant chemotherapy was given to 22% of patients within the total study and was more likely offered for patients with high grade disease and leiomyosarcoma. No difference was noted between rates of neoadjuvant chemotherapy or radiation therapy between those with IVC resection and those without ( Table 1) . Following resection, no difference was noted in the rate of patients that received chemotherapy between the two groups. Moreover, these rates remained similar when stratified by pathology (Leiomyosarcoma: 42% with IVC resection vs 30% without, P = 0.227; Liposarcoma: 33% vs 17%, 
| Operative details and outcomes
Operative characteristics and perioperative outcomes of the IVC resected cohort can be found in Table S1 ). While use of intraoperative bypass support and reconstruction technique did not significantly affect VTE rate, the presence of a tumor thrombus was significantly associated with postoperative VTE events (67% vs 11%, P = 0.012). (Table 3) . Similarly, an R2 resection (HR = 6.52, P = 0.032) was independently associated with inferior OS along with the presence of tumor thrombus (HR 4.91, P = 0.025) (Table 4 ). Increased number of organs resected also trended toward inferior OS, although significance was not reached likely due to limited sample size (HR 1.28, P = 0.073).
| Survival
| DISCUSSION
Surgical resection with negative margins offers the best chance for long term survival in patients with primary and recurrent RPS.
Complete R0 resections can be difficult to obtain without aggressive resection of adjacent clinically involved viscera, including the IVC. In Though dedifferentiated liposarcoma and leiomyosarcoma are two distinct histologies with varying biologic activity, both were included in this study given the rare nature of these diagnoses. While involvement of the IVC by liposarcoma is often from local invasion, leiomyosarcoma frequently arises directly from the muscle of the vessel wall. Recurrence patterns are also different, with distant failure much more common in leiomyosarcoma. 24 Despite this, significant differences in DFS and OS were still not noted in subgroup analyses of IVC resection versus no vascular resection when divided by histologic subtype (Supplemental Figure S1 ). Recurrence patterns in this study were consistent with those previously described, with only 10% of patients having distant recurrence for liposarcoma compared to 46% with leiomyosarcoma (P = 0.002).
En-bloc IVC resection did not significantly alter these recurrence patterns for leiomyosarcoma (P = 0.182) or liposarcoma (P = 0.471).
The approaches for surgical reconstruction of the IVC reported in the literature are not standardized. Synthetic graft reconstruction was the most common approach reported in reviewed literature at approximately 62%, followed by primary repair in 18% and patch repair in 7% (Table 5) . A similar breakdown was observed in our series with graft reconstruction in 19 (59%) cases, primary repair in 6 (19%) cases and patch repair in 4 (13%) ( Table 2 thrombus following resection of renal cell carcinoma has previously been associated with an increased risk of postoperative VTE, but has not been described in RPS. 27 Unrecognized residual tumor thrombus could feasibly play a similar role in our findings. Despite these events, no patients died or developed significant long-term morbidity as a result of VTE in our study.
In cases of chronic IVC occlusion, extensive venous collaterals may develop. In these cases, IVC ligation can be performed without reconstruction, resulting in similar postoperative outcomes. [28] [29] [30] In our series, 3 (9%) cases did not undergo reconstruction. Of interest, lack of reconstruction was associated on univariate analysis with inferior DFS, conceivably inferring more aggressive tumor biology at the time of resection. This association, however, was not found to be an independent predictor in our multivariate cox regression model, perhaps due to the limited number of cases (Table 3) .
Receipt of adjuvant chemotherapy was not different between the two groups ( 37 There were no serious postoperative complications in patients that received neoadjuvant radiation in our study.
Pre-operative consultation with a vascular surgeon is ideal if IVC involvement is suspected on diagnostic imaging. All IVC resections in our series included intraoperative vascular surgery or transplant surgery assistance, even if vascular resection was not planned preoperatively. The complex interventions necessary to safely obtain a complete oncologic resection further support consideration for referral to centers with experience and resources to handle such patients.
Multiple limitations of this study deserve mention. First, as with any retrospective study, our data may be subject to patient selection biases. Second, the presented study population is a reflection of our institution's experience with this rare disease presentation, and thus is heterogeneous including different histologies and both primary and recurrent disease. Additionally, while the ratio of resected IVC cases per year remained consistent, this study spans two decades and we cannot quantify 
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